Decarbonizing Industry

A practical guide to decarbonizing industry, covering the reader intent, the
relationship to decarbonizing industry, key evaluation criteria, common risks, and

the information the intended project audience should confirm before taking the
next step.
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Decarbonizing industry represents one of the most significant challenges and
opportunities for modern engineering. As global regulatory frameworks tighten and
the economic cost of carbon emissions rises, industrial facilities are under
increasing pressure to optimize processes, reduce waste, and transition toward
sustainable operations. While large-scale shifts like hydrogen fuel and carbon
capture are essential, the foundation of any decarbonization strategy lies in
precision measurement. Level measurement instruments—ranging from radar and
ultrasonic sensors to hydrostatic transmitters—play a critical role in this transition
by providing the data necessary to eliminate process inefficiencies and reduce the
environmental footprint of heavy industry.

| Understanding Level Measurement Principles

Before selecting a solution for decarbonizing industry applications, it is essential to
understand the underlying physics of the various measurement technologies
available. Each principle offers specific advantages depending on the medium,
vessel geometry, and environmental conditions.

#### 1. Radar Level Measurement (ToF)

Radar level meters operate on the Time-of-Flight (ToF) principle. They emit
high-frequency electromagnetic waves (typically in the 26GHz or 80GHz range)
that travel to the surface of the material and reflect back to the sensor. The
distance is calculated based on the time it takes for the pulse to return.

FMCW (Frequency Modulated Continuous Wave): Modern high-end radars use
FMCW, which transmits a continuous signal with a constantly changing frequency.
The difference between the transmitted and received frequency is proportional to
the distance. This provides superior accuracy (up to 1mm) and is highly resistant
to interference from dust or steam.

##H## 2. Ultrasonic Level Sensors
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Ultrasonic sensors emit acoustic pressure waves. These waves reflect off the
surface of the liquid or solid. Because sound speed is affected by air temperature,
these sensors usually include a built-in temperature probe to compensate for
variations. They are non-contact and cost-effective, though they are limited by
vacuum conditions or heavy foam, which can absorb the sound signal.

#### 3. Hydrostatic Level Transmitters

Hydrostatic measurement relies on the principle that the pressure at the bottom of
a liquid column is directly proportional to the height of the liquid and its specific
gravity. The formula used is $P = \rho \cdot g \cdot h$, where $P$ is pressure,
$\rho$ is density, $g$ is gravity, and $h$ is height. This method is highly reliable
for vented tanks and deep-well applications where non-contact sensors might
struggle with internal obstructions.

##H## 4. Magnetic Level Gauges

Magnetic gauges utilize a float containing an internal magnet assembly. As the
liquid level rises or falls, the float moves accordingly, actuating a series of bi-color
flags or a magnetic transmitter outside the chamber. This provides a clear visual
indication and a secondary electronic signal without the risk of leaks associated
with traditional glass sight gauges.

The Strategic Role of Precision Leveling in
Decarbonizing Industry

Achieving the goals of decarbonizing industry requires a granular focus on
resource management. Level measurement instruments contribute to carbon
reduction in several direct ways:

Energy Optimization in Pumping: In water treatment and chemical processing,
pumps are major energy consumers. Accurate level data allows for the
implementation of Variable Frequency Drives (VFDs) and optimized pump cycling.
By maintaining levels within an ideal range, facilities avoid the energy spikes
associated with frequent starting and stopping or running pumps against low head
pressure.
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Chemical and Raw Material Conservation: Precise measurement prevents
overfilling and minimizes the volume of "dead stock" at the bottom of tanks. In
industries like wastewater treatment, accurate level sensing ensures that chemical
dosing for neutralization or flocculation is exactly matched to the volume of liquid,
reducing the carbon footprint associated with chemical production and transport.

Waste Reduction and Leak Detection: Continuous monitoring allows for the early
detection of unintended level drops, which may indicate leaks. In the context of
decarbonizing industry, preventing the loss of processed fluids or hazardous
chemicals is essential for maintaining environmental compliance and reducing the
energy required for spill remediation.

Support for New Technologies: Decarbonization often involves new processes,
such as Carbon Capture and Storage (CCS) or green hydrogen production. These
processes require specialized level monitoring for solvent recovery tanks and
high-pressure electrolyzers where traditional measurement methods may fail.

| Technology Selection for Sustainability

Selecting the right instrument is a balance between technical requirements and
the specific decarbonization goals of the project. The following table provides a
comparison of common technologies used in industrial settings.
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Technology

80GHz Radar

Ultrasonic

Hydrostatic

Magnetic Gauge

Level Switch

Typical

Accuracy

+1 mm

+0.25% of
range

+0.1% to 0.5%

+5 mm to 10
mm

N/A (Point level)

Power
Consumption

Moderate

Low

Low

None (Visual) /
Low
(Transmitter)

Very Low

Ideal
Application

Chemical
reactors, tall
silos

Open channels,
water tanks

Deep wells, fuel
storage

High-pressure
boilers

Overfill
protection

Decarbonization
Benefit

Minimizes raw
material waste
through
extreme
precision.

Low power
requirement;
ideal for
solar-powered
remote sites.

High reliability
reduces
maintenance-related
travel and
emissions.

Prevents leaks

in
high-temperature
systems; no
power for visual
check.

Critical safety
layer to prevent
environmental
disasters.

For engineers and procurement specialists looking to implement these
technologies, it is helpful to consult a professional manufacturer. You can Review
product options and application support on the Welk Main Page to see how specific
hardware configurations align with your facility's requirements.

| Installation Best Practices for Process Efficiency

Even the most advanced level meter will fail to contribute to decarbonizing
industry if it is installed incorrectly. Inaccurate readings lead to process swings,
which increase energy consumption. Key considerations include:
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1. Dead Zones (Blocking Distance): Every non-contact sensor has a "dead zone"
directly beneath the transducer where measurement is impossible. Ensure the
sensor is mounted high enough that the maximum liquid level never enters this
zone, as this can cause the sensor to lock at a full reading, leading to potential
overflows.

2. Internal Obstructions: Radar and ultrasonic beams spread as they travel.
Agitators, ladders, and inlet pipes can cause false echoes. Using 80GHz radar with
a narrow beam angle (e.g., 3°) can help bypass these obstructions, ensuring the
signal reflects only from the target surface.

3. Mounting Orientation: Sensors should generally be mounted perpendicular to
the liquid surface. In solids applications, aiming flanges or swivels may be required
to account for the angle of repose of the material.

4. Environmental Compensation: For hydrostatic sensors, ensuring the breather
tube in the cable is not blocked is vital for atmospheric pressure compensation. For
ultrasonic sensors, shielding the transducer from direct sunlight can prevent
temperature-induced errors.

| Technical Limitations and Risk Mitigation

While level measurement is a powerful tool for decarbonizing industry, engineers
must be aware of technical limitations that could compromise data integrity:

Foam and Turbulence: Heavy foam can absorb ultrasonic signals and scatter radar
waves. In these environments, a guided wave radar (GWR) or a hydrostatic
transmitter is often a more robust choice.

Dielectric Constant ($sr$): Radar relies on the dielectric constant of the material to
reflect the signal. Materials with very low $er$ (like some oils or liquefied gases)
may require specialized high-sensitivity radar or guided wave units with a coaxial
probe.

Vapor and Condensation: While 80GHz radar handles condensation well, extreme
steam can attenuate signals. In such cases, air purging systems or specialized
antenna lens materials (like PTFE) should be utilized.
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| Frequently Asked Questions

Q: How does upgrading to digital level measurement assist in carbon reporting?

A: Digital transmitters (using protocols like HART, Modbus, or Profibus) provide
more than just a level reading. They offer diagnostic data and high-resolution
trends. This data can be integrated into Energy Management Systems (EMS) to
calculate precise carbon intensity per unit of production.

Q: Can level meters be retrofitted into older industrial plants?

A: Yes. Many modern sensors are designed to fit standard NPT or flange
connections. Hydrostatic transmitters can often be dropped into existing tanks
without any hot work, making them an excellent choice for immediate efficiency
gains in older facilities.

Q: What is the maintenance requirement for these sensors?

A: Non-contact sensors like radar and ultrasonic require very little maintenance as
they have no moving parts. Hydrostatic sensors may require periodic calibration
checks or cleaning of the diaphragm if the liquid is prone to coating or scaling.

Q: Is 80GHz radar always better than 26GHz for decarbonization projects?

A: Not necessarily. While 80GHz offers better focus and accuracy, 26GHz may be
more suitable for applications with heavy dust or where the signal needs to
penetrate certain types of buildup on the antenna. The choice should be based on
the specific process conditions.
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| Conclusion

The path toward decarbonizing industry is built on a foundation of precise, reliable
data. By implementing advanced level measurement technologies, industrial
operators can move beyond broad estimates and achieve the granular control
necessary to minimize waste and maximize energy efficiency. Whether through
the high-precision capabilities of FMCW radar or the rugged reliability of
hydrostatic transmitters, the right measurement strategy is a prerequisite for any
successful sustainability initiative. For those ready to specify equipment for their
next project, visiting the Main Page of a dedicated instrument manufacturer
provides the technical documentation and product range needed to make an
informed decision.



